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EVALUATION

1. As future tactical and strategic sensors become more automated and unattendeds
their ptocessing will increasingly treat the environmental scatter as information
rather than "clutter" or interference. By inference from measureable quantities
and statistics, the processor will recognize the existence of weather, chaff, dis-
crete targets, homogeneous distributed areas, shadowing as opposed to specular re-
flection, and other environmental categories. This information will allow the sys-
tem to adapt its waveform, energy budget, and detection/CAR algorithms for optium
performance. This effort investigated algorithms which may be usable in such a
recognition scheme.

2. Stress was placed on the strengths, weaknesses, and peculiarities of two prom-
ising algorithms when applied to the recognition of shadowed areas. The program
has provided an excellent insight into the robustness and sensitivities to data
format of each algorithm and the care required in the interpretation and use of
algorithmic results. This report will be a useful reference in the development
of clutter model and associated adaptive processing for future intelligent unat-
tended systems.

WILLIAM L. SIMKINS
Project Engineer

vi



MODELING OF SFADOIS IN RADAR CLUTTER

1.0 INTRODUCTION

This report presents the results of the work done during-

the period June-December 1979 on investigating the

applicability of nonparametric clustering techniques to tthe

extraction of features from radar clutter. The Forgy-Jancey-

[1] and minimum spanning tree [2] algorithms were investigated,

with particular application to the problem of locating and

characterizing shadowed regions in ground clutter. The

significant result of the work is an exposition of the

strengths and weaknesses of the two clustering techniques when

applied to both simulated and actual radar returns. It is

expected that the same strengths and weaknesses should appear

in applications involving extraction of clutter features other

than shadows.

The motivation for undertaking the present study of ground

clutter is summarized in 03]. The need has existed since

before the Second World War to extend the ability of radars to

detect and identify targets of low cross-section in severe

clutter. Initial efforts were concerned with increasing

transmitter power, but for the past two decades the emphasis

has been on development of the signal processing abilities of

radar receivers [4]. The recent explosive developments in

digital technology are expected to result in a new generation

I I I I II II II I I II | 1 L1



I1ODELING OF SIIADOWS IN RADAR CLUTTER

of sophisticated signal-processing radars, able to take

advantage of random-access memories and high-speed

computational ability. The need to specify how such radars are

to be designed and used provides a requirement for an improved

understanding of the. structure of backscatter clutter.

There are several indications that the present

understanding of backscatter clutter is inadequate. First,

clutter measurement efforts concerned with various terrain and

cultural features have produced data of only limited

consistency. In particular, it is not uncommon to find a 15 to

20 dB spread in measurements of intensity returns made at

different times from supposedly identical terrain. Second,

there has been only limited success in predicting backscatter

from toptgraphical maps, even though the terrain relief,

surface features, and ground cover are specified on the maps.

Finally, radars employing signal processing systems, such as

CFAR, that are based on particular clutter models [5] have

frequently been found to perform more poorly than analysis

based on the clutter models would suggest.

There are several possible reasons for the poor

consistency of measurement data and the difficulty of

predicting backscatter intensity from terrain descriptions.

First, it is likely that backscatter is highly sensitive to

surface parameters such as moisture, temperature, and wind

2



MODELING OF SHADOWS INI RADAR CLUTTER

velocity, that are difficult to measure simultaneously with the

radar return, and have not always been included as a part of

the recorded "ground truth". Second is the possibility that

the clutter returns vary with the parameters of the radar

itself in ways that have not yet been clearly recognized.

Much of the radar signal processing effort to date has

been based on the assumption that clutter intensity can be

modeled by a random variable. The motivation to develop such a

model is strong, because of the success of design methods using

the Neyman-Pearson decision rule in connection with a gaussian

or rayleigh model for thermal noise. Such decision-theoretic

methods could be easily extended to detection of targets in

clutter, if only the probability density function of the

clutter intensity could be found. It is likely, however, that

ground clutter is too heterogeneous to be represented by a

single random variable, or possibly even by a single type of

random variable. It is therefore necessary that an examination

of the structure of radar clutter be carried out in a way that

does not rely on knowledge of a probability distribution.

Methods for investigating the structure of unknown data

have been developed in connection with research in taxonomy

(1,6] and chemistry (7]. These methods are referred to as

either classification or clusirinZ methods, depending on

whether or not a statistical structure is assumed for the

unknown data. The classification methods assume that each data
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entity belongs to one of several possible categories, each

category characterized by a probability density function. Most

classification algorithms require training on data whose

classification by category is known. The training allows the

algorithm to estimate the density functions corresponding to.

the various categories. The estimated density functions are

then used in classifying future unknown data. In contrast,

clustering methods do not assume that categories of data can be

characterized by density functions. Instead, data entities are

grouped into clusters by examining the d between

entities based on some suitable measure of distance. A

detailed discussion and comparison of many available

classification and clustering methods is presented in (6].

In the present research the view has been taken that

ground clutter from arbitrary sources can not be reliably

represented in terms of probability density functions [8].

Attention was therefore focussed on an investigation of the

various clustering methods. The research has proceeded along

three paths: first an investigation of the Forgy-Jancey

clustering algorithn, second an investigation of the minimum

spanning tree algorithm contained in the program package

ARTHUR, and, finally, an investigation into some pre-processing

techniques applicable to either of the clustering algorithms.

L4



MODELING OF SHADOWS IN RADAR CLUTTER

A description of the Forgy-Jancey algorithm along with the

results obtained from applying it to a variety of simulated and

actual clutter returns is presented in Section 2. Although the

Forgy-Jancey algorithm is well-known, it was necessary to

create our own programs, and to devise from scratch the

necessary input-output and display routines. Investigation of

the minimum spanning tree clustering method is described in.

detail in Section 3. This investigation began with acquisition

of the ARTHUR program package (7] from the University of

Georgia. The necessary job-control language was created, and

the ARTHUR package compiled so that it is currently available

on the Clarkson College computer. The minimum spanning tree

algorithm was tested on some of the same simulated data as was

devised for the Forgy-Jancey tests. Section 4 contains the

results of some pre-processing efforts that were tried on

. actual clutter data. The pre-processing was motivated by the

need to reduce the quantity of data to a managable amount for

the ARTHUR package. The pre-processing is typical of the steps

that would be taken in an actual clustering effort, and

provided an indication of the amounts of CPU time, programming

time, and costs that are involved in such steps. Section 5

contains an overall summary and the conclusions.

Sections I, 2, and 5 were written by Bruce A. Black,

Section 3 by William Ladew, and Section 4 by Mohammed

Arozullah.

_ _ _ _ _ _ _ _
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2.0 THE FORGY-JANCEY ALGORITHM

2.1 The Algorithm

This section discusses the operation of the Forgy-Jancey

clustering algorithm, and the tests that were made on simulated

and actual radar data to probe the strengths and weaknesses of

the algorithm as a tool for identifying the structure of ground

clutter from shadowed terrain. The computer program for the

Forgy-Jancey algorithm was obtained from Fordon [9]. Several

modifications to the algorithm were made to allow greater

flexibility in manipulating, saving, and displaying the input

and output data. The algorithm employed in all of the tests is

* due to Forgy (10). Jancey's version [1] contains a heuristic

to avoid local minima, but was not needed in the present

application. The basic Forgy-Jancey program along with the

modifications is presented in block-diagram form below. A

listing of the important subroutines is presented in an

Appendix.

Figure 2.1 is a flowchart showing the operation of the

Forgy-Jancey algorithm. This algorithm forms clusters of data

entities, where each data entity is a vector of NV components.

The number NV of components in a data entity (number of

variables), the number NE of data entities, the number NC of

_____ _____ ____6



MIODELING OF SHADOWS IN RADAR CLUTTER

clusters, and the coordinates of the cluster centroids must all

be specified by the user. In this version of the algorithm the

number KC of clusters cannot be modified by the program; the

program can neither create nor delete clusters. In operation,

the program will partition the NE data entities into KC

clusters. A measure of the compactness of the clusters that is

used as a figure of merit by the program is the

total summed deviations. For a given partition of the data

into clusters, this is the sum over all the entities of the

distance between each entity and the centroid of the cluster to

which it is assigned.

Forgy's algorithm begins with an initial set of NC cluster

centroids. In the main loop of the program, each data entity

is assigned in turn to the nearest cluster centroid. Ilhen all

of the entities have been assigned, the cluster centroids are

recomputed. Each iteration requires a complete pass through

the data. It is easily shown that a pass through the main loop

cannot increase the value of the total summed deviations, so

that the algorithm must converge to at least a local minimium.

In each pass through the main loop the program counts the

number of entities whose cluster assignment is changed. When

the number of changes falls below a user-supplied parameter

MINREL, the program halts. Except where otherwise noted,

programs were run with MINREL equal to zero, corresponding to

complete convergence.

7

-I IA~**~



MODELING OF SHADOWS IN RADAR CLUTTER

The distances between entities and cluster centroids

required by the algorithm are computed by a user-supplied

subroutine DIST. Because this routine is externally supplled,

the distance function can be configured to meet the specific

application. In particular, it is possible to base the

distance calculation on a subset of the components of the data

entities. Both euclidean and non-euclidean distance measures

are allowed.

The program path for the Forgy-Jancey algorithm is shown

in Figure 2.2. The program MAIN and the subroutines EXEC,

USER, RESULT, KMEAN, and USROUT were all supplied or modified

as a part of the present effort. The program supplies as

outputs:

1. A raw membership list, listing cluster membership for

each data entity.

2. A sorted membership list, giving for each cluster the

sequence numbers of its members.

3. A sorted data file. The data entities themselves are

sorted into groupings by cluster membership. This file

can be saved on disk, thus allowing the entities forming a

single cluster to be isolated for further processing.

4. The program prints the final centroid locations for

each cluster, the number of data entities belonging to

each cluster, and the value of the total summed

8t
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deviations.
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2.2 Testing

For initial testing of the Forgy-Jancey algorithm, a set

of 10,000 data entities representing a 100-point by 100-point

"scene" was generated. Each data entity was a three-vector,.

(Xy,I), where x and y represent the position of the entity in.

rectangular coordinates and I represents the intensity of the.

radar return from position (x,y). Two rectangular regions were

set aside in the 100x00 array to represent "shadows", one

region occupying 651 points and the other occupying 121

points. The test scene is depicted in Figure 2.3.

For the initial test of. the algorithm, the value 0 was

given to the intensity component of data entities in the

shadowed areas, while the value 1 was given to the intensity

component of data entities in the unshadowed area. The

algorithm was applied with the number of clusters NC set equal

to two. The distance function DIST was set to compute the

distance between two entities as the magnitude of the

difference between their intensities. The output of the

program is shown in Figure 2.4. The points marked 1 correspond

to cluster 1, while the points marked with a dot correspond to

cluster 2. Note that cluster 1 contains exactly the entities

in the shadowed array.

A second clustering was carried out using only the

entities in cluster 1 as data. This time the function DIST was

10



MODELING OF SHADOWS IN RADAR CLUTTER

changed to compute the distance between two entities as the

euclidean distance between their positions. The program was

run with NC 2. The output is shown in Figure 2.5. In this

figure the points marked with a dot were not included in the

input data. The points marked 1 and 2 represent the two

clusters obtained by the algorithm. Note that these correspond

exactly with the two shadows.

A second, more demanding, test of the Forgy-Jancey

algorithm was made using random numbers as simulated intensity

values. A program was written to produce a sequence of numbers

having a rayleigh distribution. The distribution parameter

sigma is entered as an input tn the program. To establish the

test data, 10,000 rayleigh-distributed numbers were generated

with sigma 1. These numbers were assigned as intensity

values to the data entities in the 100 by 100 array. Next a

sequence of rayleigh-distributed numbers was generated with

sigma much greater than one. These numbers were added to the

intensity values of all the data entities outside the two

shadowed areas. Thus a set of test data was established to

represent two shadows containing only rayleigh-distributed

thermal noise in a larger region of brighter

rayleigh-distributed clutter.

As in the previous test, the Forgy-Jancey algorithm was

applied twice, once to separate the low-intensity shadows from

the bright clutter background, and a second time to separate

~11



MODELING OF SHADOWS IN RADAR CLUTTER

the low-intensity cluster into individual shadows. The result

the first clustering is shown in Figure 2.6. The bright

clutter in this case has sigma set to 10,000. In the figure,

the dark cluster is indicated by ones and the bright cluster by

twos. Note that the dark cluster includes many points.

belonging to the brfght region. In fact,-the algorithm was

unable in this case to locate the dark region; the program was

instructed to find two clusters, and it did so by splitting the

bright data half. The shadow data are simply included in the

darker of the two clusters.

To provide a greater apparent separation between the dark

and bright data, and to provide an example of the use of

coordinate scaling, the program was modified to interpret

intensity values in decibels. This was effected by employing

the program USER to replace the intensity values I for each

entity by their logarithms lnI as the entities were read into

core. The result of a clustering done on the rayleigh data

using this logarithmic-transformation is shown In Figure 2.7.

Perfect separation of the dark and bright regions was

obtained. Figure 2.8 was obtained using only the dark cluster

as data. The dark cluster was split on the basis of position

into the two clusters shown by points marked 1 and 2.

The gap between the dark and bright intensity values can

be reduced by changing the value of sigma used in generating

12



*1 MODELING OF SHADOWS IN RADAR CLUTTER

the bright rayleigh data. To create a more demanding exercise

for the algorithm, the data set was recreated with sigma equal

to 50. Logarithmic scaling of the intensity values was again

II used. Figure 2.9 shows the result of clustering for light and

dark intensity regions. Points in the dark cluster are

indicated by ones, and points in the bright cluster are

indicated by twos. Note that a number of bright points have

been misclassified by being included in the dark cluster. It

would be expected that statistical variation among the

. intensity values of the non-shadow data would lead to some

"bright" points with intensity values that are in fact as low

as the values of the intensities of the shadow data. The

number of misclassified points shown in the figure corresponds

roughly with the number that would be expected on statistical

grounds.

Problems with convergence of the Forgy-Jancey algorithm

were encountered for the first time in generating the clusters

shown in Figure 2.9. To generate this figure the algorithm was

halted using HINREL = 100; i.e. on the first pass for which

fewer than 100 data entities were reassigned. Figure 2.10

shows the result of running the algorithm all the way to

convergence, a process which required nearly five minutes of

CPU time. It is interesting, and somewhat surprising, to note

that the dark cluster of Figure 2.10 includes even more

misclassified "bright" points than does the dark cluster of

j 13
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Figure 2.9.

The dark cluster of Figure 2.10 was used as the data base

for the second clustering pass, in which individual shadows

were separated. Figure 2.11 shows the result of clustering by

position with NC equal to two. In this case the two shadows.

were correctly sepaeated, but each cluster consists of a dense

core, corresponding to the actual shadow, surrounded by a

sparse "halo" of points. In an attempt to separate the shadows

from their halos, several clustering passes were made on the

data with NC greater than two. Figure 2.12 shows the result of

clustering by position when NC equals three. The points marked

zero are excluded from the data set. The three clusters are

indicated by points marked 1, 2, and 3, respectively. (Cluster

two is in the upper right-hand corner of the figure.) Note that

the actual shadows still form the cores of separate clusters,

but that both are still surrounded by halos. Figures 2.13,

2.14, and 2.15 are the results of clustering with NC

respectively equal to four, five, and six. Figure 2.16 shows

the case with NC equal to seven. One of the shadows has been
split into two clusters, marked 1 and 7 in the figure. This is

an undesirable result, from which two lessons can be learned:

first that the Forgy-Jancey algorithm will find as many

clusters as it is instructed to, whether or not these clusters

are meaningful, and second, that increasing the number of

14
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clusters is not an effective method for removing the halo from

a dense core of points.

Identifying the value of NC that corresponds to the number

of clusters actually present is difficult when dealing with

unknown data, especially data of high dimensionality that

cannot be readily plotted. Jancey [1] suggests beginning with

NC 1 and running the algorithm repeatedly with NC = 2, 3,

*etc. As the number of clusters increases, the value of the

total summed deviations obtained at convergence will decrease.

As "natural" clusterings are obtained, there should be

significant drops in the value of the total summed deviations.

An example of this effect is presented in [1]. Figure 2.17

shows the values obtained for total summed deviations in the

above rayleigh example when NC = 1 through 7. Note that the

most significant drop occurs when NC is raised'from one to

two.

15
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2.3 Removal of Outliers

Fordon [9] suggests a modification of the Forgy-Jancey

algorithm to allow rejection of data entities that ate too far'

from any of the cluster centroids. A data entity can be

isolated if it satisfies the relation

ID - D 1 < (OUTLYR)xDavg min avg
where D is the distance between the entity and the nearest

mi n

cluster centroid and D is the average of the distances
avg

between the data entity and each of the cluster centroids. The

parameter OUTLYR is assigned a value between zero and one by

the programmer. A value of zero results in no entities being

isolated, while a value of one results in every entity being

isolated. The main loop of the Forgy-Jancey algorithm was

modified so that whenever an isolated entity is encountered it

is designated as the centroid of a new cluster. This allows

the program to increase the number of clusters. A provision

was included to limit the number of clusters to a

programmer-specified maximum, since CPU time was found to

increase dramatically with the number of clusters. In

interpreting the results of a clustering run, the programmer

has the option of disregarding all newly-formed clusters as

representing o utiers; i.e. sets of anomalous entities that lie

outside the known clusters, or of accepting all of the clusters

in the expectation that the program has found a more natural

16



MODELING OF SHiADOS IN RADAR CLUTTER

number of clusters than the programmer originally specified.

An example of a clustering run using the modified

Forgy-Jancey algorithm is shown In Figure 2.18. The data set

is the lOOxlOO-point array depicted in Figure 2.3, with each

entity having an intensity value of zero or one. Three

outliers were created, having intensity values of zero, and

lying outside the simulated shadows. The Forgy-Jancey

algorithm was run twice, once to separate out the low-intensity

points and once to cluster these points into individual

shadows. Figure 2.18 is the result of the second run. To

generate this figure, the program was started with NC = 2 and

OUTLYR = 0.6. The program responded by creating two additional

clusters, identified in the figure by the numbers 3 and 4.

Although the program successfully located the three outlying

points, it should 'be noted that the value used for the

parameter OUTLYR is fairly critical. The program was unable to

locate all of the outliers when run with OUTLYR = 0.4.

4
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2.4 Testing of Actual Radar Data

A tape containing a segment of a PPI display was provided

by the Signal Processing Laboratory at RADC, courtesy of

William L. Simkins, Jr. The tape contains data in essentially

the same format as the simulated data described above: each-

data entity is comprised of a set of three components

representing x and y position and intensity. The data were

created by quantizing a photograph of the original CRT display,

and in consequence the intensity scale of the data is

compressed by the responses of the CRT phosphor and the film.
6V

Figure 2.19 depicts one quadrant of the radar data. The grey

scale used in the figure consists of the symbols

(W,*,A,I,+,-,.,blank), in order from highest to lowest

intensity. Figure 2.20 shows the low-intensity regions of the

quadrant of data. The set of low-intensity entities was used

as a data base for the Forgy-Jancey clustering algorithm.

Numerous runs were made, using various values of input

parameters. A typical output is shown in Figure 2.21. To

generate this output twenty-one initial cluster centroids were

chosen. corresponding roughly to the centers of the clusters

visible in Figure 2.20. The outlier parameter was set to

OUTLYR 0.9, and the algorithm was stopped when fewer than 33

entities changed cluster membership (MINREL = 33). The program

ran for nearly four minutes and generated a total of

18
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:: twenty-five clusters.

Examination of Figure 2.21 reveals the twenty-five

clusters, designated by the numbers zero through nine and the

letters A through 0. A close examination of this Figure

reveals that many of the clusters found by the program do not

correspond to, the natural clusters evident in Figure 2.20. In

particular, attention is called to cluster K, which is composed

of the adjacent parts of four natural clusters, clusters C and'

0, which split a single natural cluster, cluster 2, which

contains some entities that should properly belong to cluster

3, and cluster D, which encroaches on the territory of clusters

C and 0.

In processing the actual radar data, the Forgy-Jancey

algorithm had a great deal of difficulty in locating the

natural clusters. It is likely that this difficulty stems from

two sources: the highly irregular shapes of the natural

clusters, and the fact that the natural clusters vary greatly i
according to size. It is believed that the

total-summed-deviations figure of merit used by the algorithm

tends to emphasize the compactness of clusters. Thus whenever

a cluster becomes too long and narrow, the algorithm will split

it into two smaller clusters. The procedure used by the

program for generating new clusters tends to result in clusters

of about equal size. Hence the difficulty in dealing with a

data set that contains clusters as small as cluster 7 and as
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large as cluster 6.
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2.5 ConclusionspThe Forgy-Jancey clustering algorithm is a powerful tool

whose principle advantages seem to be its generality and

simplicity. The generality results from the ability of the

algorithm to handle data sets of essentially any size,

consisting of data entities of any dimension. The number of

clusters that the algorithm can handle is also essentially

unlimited, and the programmer is free to prescribe arbitrary

coordinate scaling and an arbitrary distance measure. The

simplicity of the algorithm is helpful when modifications are

needed. In carrying out the present study it was necessary to

add several input and output routines, and to modify the main

loop of the algorithm to incorporate the ability to generate

new clusters.

The drawbacks to using the Forgy-Jancey algorithm are

clearly illustrated in Section 2.4, particularly in Figure

I2.21. The Forgy-Jancey algorithm is known to be capable of

finding clusters that bear no relation to any natural

clustering [10), and must be used with extreme care on unknown

data that can not be visually inspected. Some of the

difficulty in locating the natural clusters in Figure 2.21 can

be attributed to the procedure used for generating new

clusters. Without this procedure, however, it is necessary to

specify the number of clusters in advance. Jancey's procedure
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for monitoring the total summed deviations offers one method by

which the number of natural clusters might be determined.
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3.0 MINIMAL SPANNINJG TREE ALGORITHM

3.1 Introduction

In this section we describe the minimal spanning tree

algorithm [2) for clustering data. This graph-theoretic method

differs greatly from the Forgy-Jancey method described in the

previous section. We used an implementation of the MST

(minimal spanning tree) algorithm in our investigation obtained

in the ARTHUR subroutine package. ARTHUR is a general package

of data manipulation and analysis subroutines that was obtained

from the University of Georgia. The MST subroutine in the

package is called TREE and requires use of a distance

subroutine DIST, plus input and output utility subroutines also

contained in the package. ARTHUR will be discussed further in

this section, along with the description and discussion of

TREE. Before we examine how TREE clusters our data, we must

first discuss the MST algorithm and how it can be used for

clustering.

23
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3.2 Minimal Spanning Trees

A minimal spanning tree is an undirected graph that

includes all the given data points, has no loops or cycles, and

has a minimal distance over all the edges in the tree. The MST

can use any distance metric to describe how close (or similar).

the data points are, but the important point is that tie.

resultant tree will have the smallest total distance of any of

the possible spanning trees. The choice of the distance metric

makes this method general for any type of data; however, in our

study we only considered euclidean distance for x-y data. This

is because we were only doing x-y clustering in this phase of

our study. A different form of metric could be used for some

other clustering, such as intensity clustering. The ARTHUR MST

algorithm clusters data by finding "inconsistant" edges in the

MST; the tree itself does not contain clusters, but the

algorithm points out edges that when deleted would give a

natural clustering. This method of forming clusters eliminates

one of the major problems encountered in using the Forgy-Jancey

algorithm, namely that we must tell it how many clusters to

find, but the MST clustering algorithm then needs some form of

information describing what an inconsistant edge is. The

factors we use to determine whether an edge is inconsistant

depend on the average length of the neighboring edges, where we

can specify how deep along the tree a neighboring edge is. We
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also need to know how many standard deviations from the average

the edge is question is. The edge is cut based on these

parameters, if the edge is more than the specified number of

standard deviations from the average.

This method of forming clusters-is general in as much as

the distance metric is general and the clustering criterion $s

relative to distances in the tree. This method of choosing*

clusters based on inconsistant edges in the minimal spanning

tree will work well on many types of data, as shown by Zahn

[2]. After the tree is formed, the inconsistant edges are

found and deleted and the connected groups that are left are

the clusters. This means that we can form any number of

clusters, not just a predetermined number or range of

clusters. Also, we can find the tree Just once, and try

several different sets of clustering parameters on it, without

the expense of finding the FIST each time.

t
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3.3 ARTHUR and the MST 4

We used the TREE routine in ARTHUR to cluster data using a

minimal spanning tree. TREE can be given three parameters,.,the

DEPTH of the neighbors, a FACTOR used in finding.

inconsistancies, and a SPREAD of the number of standard j
deviations allowed before an edge is inconsistant. An edge is-

inconsistant if its length is greater than FACTOR times the.

length of the neighboring edges, or if it is more than SPREAD

standard deviations longer than the average of the neighboring

edges, where neighboring edges are all edges within DEPTH edges

from the edge being tested (7]. A copy of the ARTHUR

documentation is contained as an appendix in Fordon [9]. In

using TREE, the data must be input to ARTHUR using one of its

utility routines. The distance matrix containing the distance

between every pair of data points must be found and stored

using the DIST utility routine, and then TREE is called. Part

of a test run of ARTHUR and TREE is shown in Figure 3.1,

showing how TREE outputs the MST as a list of nodes and

neighbors. The resulting clusterings are shown in Figures 3.2,

3.3, and 3.4, as lists of entities (they call them patterns)

belonging to the various clusters. These clusterings were all

done on the same MST in the same run of ARTHUR; recalculation

of clusters with different parameters does not require

recalculation of the distance matrix or the MST. The main
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limitation is that in examining N data entities, we require on1 .2
the order of N units of storage for the distance matrix, and

of course the amount of time to compute all the distances.

This is significant in that if we double our number of points,I we need four times the storage and computer time to do the same.

processing. For example, a 10 by 10 picture has 100 points,-

and needs 10,000 words of storage for its distance matrix; if

we increase the picture size to 100 by 100, we have 10,000

points and need 100,000,000 words to store the distance

matrix. So to enlarge a picture by a factor of 10 requires a

a'
10 increase in memory.

A temporary limitation of TREE is that it only prints a

* description of the MST in terms of the nodes and edges as in

Figure 3.1, and clustering cannot be displayed other than in a

list of cluster members. The cluster membership is not output

in an ARTHUR format file so we cannot display the clustering

using one of ARTHUR'S plotting routines.

27
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3.4 Actual Clustering Using TREE

In order to test the clustering ability of TREE, we used

data previously used in the Forgy-Jancey testing. We took part

of one of our rayleigh data files, namely cluster number 2 from.

Figure 2.11, and converted it to ARTHUR data format. This,

picture consists of 218 data entities, shown as l's in Figure

3.5. We want to isolate the obvious group of 121 entities from

the surrounding outlier entities. We ran ARTHUR on this date,

found the distance matrix using euclidean distance, and called

TREE. TREE found the minimal spanning tree, shown in Figure

3.6, and clustered the data according to several different sets

of parameters. The clustering formed by the default parameters

of DEPTH=3, FACTOR=2 and SPREAD=O, as in Figure 3.2, did

eliminate some of the outliers from the desired cluster, but

left 207 entities in the cluster, which is not very close to

our desired 121 entities in the cluster. These parameters did

not form many extra clusters; only five clusters were found,

seperating only 11 outlier entities from the main cluster.

By trying only a few different combinations of parameters,

we made the clustering much better. Using DEPTH=1, FACTOR=1,

and SPREAD=1, we found 33 clusters, shown in Figure 3.3. This

clustering put 132 entities in the main cluster, eliminating

almost all the outliers. It removed 86 of a possible 97

outlier entities from the main cluster. Using the same
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parameters as before, but setting SPREAD=0.5, we obtained the

best results as shown in Figure 3.4. We found 37 clusters, and

the main cluster had only two outlier points included in it,

for a total of 123 points in that cluster. We were theretore

able to eliminate 95 of 97 outlier entities. This clustering

is drawn out in Figure 3.7, shown as the remaining edges in the

tree, with all of the clusters circled to identify them.

This clustering differs from possible clusterings by the

Forgy-Jancey algorithm in several ways. First, it cannot split

up dense clusters because it attempts to cut edges only where

they are not dense. Also, since this is a single pass

clustering, the decisions are made once, not iteratively

updated. This means that there are no convergence problems

with the resulting waste of computer time. Again, since we

need not choose in advance how many clusters to find, we

eliminate the problem of re-running the program with different

numbers of clusters until an optimal number is found. Instead,

the program will find the appropriate number of clusters, given

the parameters for cutting inconsistant edges.

29

* .- 7



MODELING OF SHADOWS IN RADAR CLUTTER

3.5 Conclusions

The TREE routine can create clusters from noisy data, as

shown in Figure 3.7, without problems such as the splitting of

desired clusters found with the Forgy-Jancey clustering.

However, TREE in its present form is relatively expensive in,

both time and storage required. Part of this expense is due to-

the overhead involved in using the ARTHUR subroutine package,.

but using ARTHUR is worthwile because it gives us a powerful

and flexible system of programs, rather than a stand-alone MST

program. ARTHUR provides us with its flexible input routine,

and has built-in routines to do scaling on the data, and even

can orthagonalize data that is not orthagonal. It also has a

histogram plotter to check the data distribution, three

different data plotting routines, and several classification

subroutines besides TREE, such as a bayesian classifier and a

hierarchical classifier. A stand-alone MST program might be

more efficient, but would take substantial programming effort

and would sacrifice all those valuable subroutines. The space

2
expense is due to the N size of the distance matrix, which

presently limits maximum size of the data set that can be

analyzed. However, ARTHUR can store data in both memory and

disk dynamically by swapping parts of the data set between core

and disk, saving memory at the cost of more disk IO

operations.
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TREE is more flexible than Forgy-Jancey because it does

not have to told how many clusters to find. In addition, Zahn

[2] suggests a variety of alternative schemes for dividing a

minimum spanning tree into clusters, each of which might be

useful for a different pattern of data entities. If some of.

these schemes were to be incorporated into the MST subroutine.

it would significantly enhance the usefulness of the minimum

spanning tree as a clustering technique.

}1
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4.0 PREPROCESSING TECHNIQUES

4.1 Introduction

-In this section we describe a few preprocessing techniques

used on the data before applying them to the clustering:

algorithms discussed in the preceding sections. The

preprocessing techniques used are:

a) point-to-point local variance

b) point-to-point local gradient

c) radial derivative

Of all these preprocessing techniques the radial derivative is

the most promising one. These techniques were applied to the

compressed digitized radar data provided to us by RADC and

shown in Figure 2.19. In each case we applied the technique

and examined the output data for clues for identification of

bright and dark areas. Results obtained for each technique are

discussed individually in the following. For each of these

techniques we used half of the picture provided as otherwise

the amount of data to be processed was too large.
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4.2 Point-to-Point Local Variance

The idea behind this method is that probably the variation

of the intensity of the radar return will be very sniall inside

a shadow and it will be large in the peripheries of shadows.

For each point in the picture, variance was calculated by

considering nine neighboring points on the left-right and above-

and below this point as shown below

XXX

We first calculated the average intensity Y for these

nine points. Then we calculated the local variance by using

the formula

9
Variance Z (I-I)2 /9

where I indicates intensity at the j-th point.
J

Then these variances were plotted on an eight level grey

scale using the following symbols: (W,*,A,I, ,-,.,blank) in

descending order of the value of variance (W represents the

highest and blank represents the lowest values of the
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calculated variances). This plot of the variances is shown in

Figure 4.1.

An examination of this figure reveals that the shadowy.

areas do have small variances and the edges have large

variances. However; some areas with constant but high-

intensities also have small variances. Hence it appears that-

the local variance alone is not sufficient for clear cut

idetification of shadows. Other information like intensity and

edge information may have to be considered together with the

local variance. Further, with this local variance method all

directional information i.e. the variation of intensity with

distance is lost.

For an 128 x 128 point data set computation of local

variances needed 33 seconds of CPU time. The storage

2 2
requirement was 2 x 128 bytes, 128 bytes for the original

2
array and 128 bytes for the calculated variances. We used

200 kilobytes of storage and it was sufficient. Expense for

one run was $2.22.

34



MODELIIG OF SHADOWS IN RADAR CLUTTER

4.3 Point-to-Point Local Gradient

The idea behind using ilcal gradient was that there should

be higher variation of intensity on the edges of shadows than

inside them. For each point of the array local gradient was

calculated by considering four neighboring points as shown
f

below.

By using the formula,

local gradient =/I(x 2y-+(x y))2+( ,)-x ,))2

where I represents the intensity at the point (x,y). The
,, (x ,y)

calculated local gradients were plotted over an eight level

grey scale using the same symbols as in the case of local

vapiance. This plot is shown in Figure 4.2.

An examination of Figure 4.2 shows that in the case of

local gradient also shadows and high constant intensity areas

have low gradients. The edges, however, showed larger

gradient. Hence the local gradient above also can not be used

to identify shadows conclusively. Other information like the

35
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intensity, needs to be considered together with gradient.

For a 128 x 128 array of data points it took 25 seconds of

CPU time to compute gradients. Storage requirement was also*2

2
x 128 bytes. An allocation of 200 kilobytes was

sufficient. Expense for one run was $1.91.

I
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41.4 Radial Derivative Method

In this method derivatives were calculated along radial

lines along those of the radar beam starting from the location

of the radar as shown by the X in Figures 4.3 and 4.4. The.

idea behin4 using radial derivatives is that as the radar beam.

travels in radial directions, the variation of intensity in the

radial direction will be a better measure of the reflective

nature of the objects illuminated by the radar. Also any

object intercepting the radar beam will produce a shadow in the

- radial direction.

For each point of the data array radial derivative was

calculated by considering four neighboring points as shown

below

by using the formula X_&

(x,y2 ) (xyl))y (x2 y)-T(xl,y))Jx.

Radial Derivative - 1

/2(x2+y2)

for the points in the first quadrant. This formula has to be
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modified for other quadrants.

For example for the points in the )

fourth quadrant as shown, the X

radial derivative is given by X

Radial Derivative = (I (x,yl)-i (x,y2) )JyJ+(I(x 2 ,y)-I (Xy))IxJ

VC (x2+y 2 )

These radial derivatives were plotted on a seven level

grey scale using the following symbols.

# < -30

-30 =< e < -15

-15 =< - < - 5

- 5 =< Blank < 5

5 =< + < 15

15 =< A < 30

30 =< W

the plots are shown in Figures 4.5 and 4.6.

An examination of Fig. 4.5 reveals that:

1. All dark regions have low radial derivative

38
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2. Range marker showed up.

3. Shadows were marked by the following characteristics: in

front of the shadows we observed regions of high radial

derivatives (cause of shadow) followed by regions of low radial

derivatives (edges of shadow) further followed by regions of

lower radial derivatives (shadow). It was also observed that

shadows were followed by regions of higher (increasing radial

derivative (elevated, region beyond the shadow). We also

observed regions of negative radial derivative before shadows

and regions of positive radial derivatives after shadows.

*4. For uniform, but high intensity regions (non-shadows) we

observed regions of positive radial derivatives before them and

regions of negative radial derivative after them. Of course,

* these uniform intensity areas themselves have low radial

derivative like shadows. Thus the signs of radial derivative

* before and after a region of low radial derivative may be

useful in distinguishing shadows from other. low derivative

regions.

5. However, we found some exceptions to these observations

also. Radial derivative seems to be the most promising of all

the preprocessing techniques test by us for detection and

identifying shadows.

However, in order to put confidence into the use of radial

derivative for detection and identification of shadows, more

testing with data with a corresponding topographical map is
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necessary. We did not have the topographical map to verify our

conclusions. Also, the radial derivative makes use of radial

changes and it does not take into account of side-to-side

changes. Using both radial and local derivatives may improve

the decision making.

Originally we plotted the radial derivative information or

a seven point grey scale. However this plot looked too

cluttered with symbols. Hence to have a clearer picture we

replotted the radial derivatives on a five level grey scale.

The derivative values represented by +, blank, and - were

replaced by blanks. This plot is shown for the upper quadrant

in Figure 4.7. The regions of low intensity depicted in Figure

2.20 are shown dotted in Figure 4.7. Using the plot we

examined the regions of high but relatively constant intensity

preceeding shadows to test them as precursors of shadows. We

noticed that for these regions of high but constant intensity

before shadows there were regions of positive derivative before

them and regions of negative derivatives after them. This

indicated that these regions are some sort of precursors of.

shadows. (These areas were selected by hand. This selection

may be done by a computer program. However these programs may

be quite expensive and it is easier to select them by the

sight.) Figure 4.8 shows the same information as Figure 4.7,

but with the precursors indicated by numbers 0-9 and letters
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* B-u.
B Then we tried to distinguish these groups of bright

I, regions to see if these belong to more than one. type of

regions. Our investigation did not bring out any significant

differences among the various groups.

Next we attempted to correlate these Precursor regions to

the shadows. We did observe that there were shadows following

many of these precursors. This gave confidence to our

conclusions.

Finally, we used the spanning tree algorithm to cluster

the dark areas (possible shadows). We did not obtain any

accurate division of these areas into individual shadows.

For a 128 x 128 point picture it took 26 seconds of CPU

time to calculate the radial derivatives. Storage requirement

2
was 2 x 128 bytes. We were alloted 200 kilobytes and it was

sufficient. Expense was $1.95 per run.
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4.5 Conclusions

Out of the three techniques of preprocessing used, the

radial derivative technique seems to be the most promising for

detection and identification of shadows. However, combinations

of these techniques may prove to be more useful under some

conditions. It is necessary to have a topographical map

corresponding to the data used to verify our conclusions.
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4 .6 Note

We, at Clarkson, wrote, debugged and tested the programs

used for the grey-scale plots, calculation of local variances,

local gradient and radial derivativeA. These programs are

specifically written for these types of data (type of numbers,

data x-y, rather than radial format). These programs are now

J :: available on disk and also on tapes for further use on this

type of project.
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5.0 CONCLUSIONS

This report has presented the results of a comparison of

nonparametric clustering techniques and their use in examining

radar clutter from shadowed terrain. Successful techniques for

extracting features from clutter will aid in understanding the
underlying structure of the clutter and in turn wil lead to

the development of useful clutter models. The Forgy-Jancey and

minimum spanning tree algorithms were tested on both simulated

and actual radar data. Some preprocessing techniques were also

tested on the actual radar data in connection with the minimun

spanning tree algorithm. The Forgy-Jancey algorithm was found

to be a very flexible tool, handling large multidimensional

data sets with minimal cost in CPU time and storage.

Unfortunately the performance of this algorithm was found to be

inconsistant in terms of finding the "natural" number of

clusters. In general, repeated applications of this algorithm

are necessary in order to find the optimum number of clusters

and parameter values. A more detailed discussion of the

conclusions pertaining to the Forgy-Jancey algorithm can be

found in Section 2.5.

The minimum spanning tree algorithm was found to be more

robust in its ability to detect a natural clustering; it was
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never observed to split a natural cluster as was the

Forgy-Jancey algorithm. The ARTHUR implementation of the

minimum spanning tree provides flexibility in clustering, since

once the tree is found, the data can be clustered repeatedly

without recomputing the tree. Finding the tree, noviever,

turned out to be costly for large data sets, since the ARTHOR

implementation requires calculation and storage of the distance

between every pair of data entities. Alternative procedures

for computing the tree are available, however, as are

alternative procedures for clustering the data from the tree.

A detailed discussion is presented in Section 3.5.

A discussion of the preprocessing techniques examined is

presented in Section 4, with the conclusions in Section 4.5.

The preprocessing was motivated by the need to reduce the

amount of data provided to the minimum spanning tree algorithm,

but was found to be a useful technique in its own right for

extracting features from clutter. Computation of the radial

derivative was the most revealing of the techniques studied for

*locating and defining the edges of shadows.

Clustering techniques appear to hold great promise for

examination of the structure of clutter returns, provided that

the techniques are applied with some care and common sense. A

primary result of the work to date has been installatioh of the

relevant programs on the Clarkson College computer, and the
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familiarization of the researchers with their use. The next

step would be a detailed application of these programs to

actual radar data, including an examination of a wider variety

of clutter properties.
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APPENDIX: PPOGRAM LISTINGS

This appendix contains the listings of the programs

developed and used in this project. Figure A.1 is the comr:ents

section from subroutine EXEC, and describes the input format

for Forgy-Jancey data. Figure A.2 is the input specification

for the outlier Forgy-Jancey subroutine EXEC3. Figure A.3 is

the subroutine EXEC to go along with the comments in Figure

A.1. Figure A.4 is subroutine EXEC2 which allows outputting of

the sorted data. Figure A.5 is subroutine EXEC3, the outlier

calling subroutine. Figure A.6 (Parts 1-3) is subroutine

KNEAN, the original Forgy-Jancey clustering routine. Figure

A.7 (Parts 1-3) is outlier subroutine KMEAN2. Figure A.8 is

the RESULT subroutine, which outputs the results of KHEAN.

Figure A.9 is subroutine RSULT2, which allows output of the

sorted data array. Figure A.10 shows the driver routine MAIN,

function DIST, and subroutines USER and USROUT for a sample

Forgy-Jancey clustering run. Figure A.11 shows MAIN and DIST

for a sample outlier run, and also another version of DIST used

in intensity clustering. Figure A.12 is subroutine RAY, our

rayleigh random number generator. Figure A.13 is the program

that created the rayleigh data set with sigma = 10,000. Figure

A.14 is the program that created the rayleigh data set with

sigma 50. Figure A.15 is the plotting program that produced

47

I _ I I l . . .. I[ - i . . . . . . '



r

MODELING OF SHADOWS IN RADAR CLUTTER

all of our 100 x 100 and 128 x 128 point cluster plots. Figure

A.16 is the grey scale plotting program used to generate all

grey scale plots without overprinting. These programs were all

either written at Clarkson, or installed and modified at

Ciarkson to suit the purposes of the project. For a

description of ARTHUR, see Section 3, and the ARTHUR program

documentation [7].
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Resad the data

centre id

,,entities N
"classified

Update centroids by Up ate centre ids
Janceymethb Forg method

Figure 2.1: The Forgy-Jancey Algorithm
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FAIN data
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I/0 units ds
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data array
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grouped by
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Figure 2.2: Forgy-Jancey Program Path
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Figure 2.3: Test Scene for Clustering
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Figure 2.21: x-y Clustering of Low Intensity Regions
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Figure 3.1: TREE Example Run
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Figure 3.3: Better Clustering

72



M*ODELINJG OF SHADOWS INi RADAR CLUTTER

II-P, TO-El HAS *r.c~i CL6SvLPf* Sr'Ama.4imG To A acE*Tm m,

IC4%ISIL.1t 104 AE0E~3T~4St VAFcTooA OF 1.640E 00

;LUSTLQ I CCHSISIS OF IKE PCLLOWIh4 3 PAT?65#.AI.

10 0 .3. 22 4-.0

CLUTE. 0 C aNI.I OF. Vk 3.0 IG- 4PTT
lit 0 2l I. 0 .0

29 a I.9. 15. 0.0

co-usntH 1 ccNstmsI ur iH FU,.*.C~I4 a PALTTI".
P6) 0 14. Ia. ).a

-LSTER 3 CCHSI SfS C06*I TH FrLUI#~ 4 32 PATTEPb.
toa a 7. 2". 0.0

ii 0 5e 24. -00
a. 0 :, 24. 0

a~ 2t3. 221. -0.0

11. a P1. 1%. 600
. a 19. 43 . a.

antJ14. go. 0.0

CI'."R 3 CISO. $I (f$. L 0L.0% a~n si
1. 0 ?-'. Al. 0.0
.3 0 ?P: 31: .0:

A2,1 0 .. .'. 0.0

a 0 ;"1,. .1. 21.0
lop 0 t.4.). 0.0

1-01 0 3.). 41. 0.0
I d 0 24-. 41. 0.0

'-, 0 .1 -. 4 0. 0.0

al 1~.. 0.0

Figure 3.4I: Best Clustering Found
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Figure 4.8: Precursors of Shadows
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MODELING OF SHIADOWJS IN RADAR CLUTTER

C *44'fUA Ptf***I IP ') Inf. 4 A '411., 4At' " .. IAL CLJILI'I.Jl TISINO.
C ONR tir T~er m- tCC% I''.AMI %S. A yrl"Ify' 'IF 5uURIU1lieS' 0MCAN I
C
C fCvItY poil sH'*tOUIRfS THRSa

4 
tpqr1) suwmivr arcE srGm7tws.

C I . PlIfIe"A '06o t14"~ PFt~rIII, lp r(ILLOW IN. TAUS.
C A. % SIP4' I4I'IjjIII6I 41411S.

C IT. rqFh'lI 1I.*0'% I r O,'rl)I)dIF TIP! X. ARAW ANDo SLTS THIS
C 0 ~ISSNTel -LIlly"
C C. CALL'~ %U"'OUfIWC -fx,.c2- waORRcSv EhI'C")
C
C
C 2. SIT n)AOJTIN 'US.Cq IS CAA-LOvc TO RrAO THE COMPLETE SF.T OF SCORES
r OIA THPI V 4IIILS Foe'f ON-. DATA UNIT.
C
C
C 1. FUNCTION O0 - COn"UTF! Ti.2 )SSTANCW #'S'TWN TWO DATA UNITS CA

C , OrrN AATA% UIT EA4) A C..U;T"a C-11ml $0. IMF i'rv CAN SpECI9Y
C AY OF5IIED OISTANCE DriCTION AN WEIGHT THE VARIARLITS IN ANY
C MANIER.
C
C
C NOTE THAT SCALINO A~e) TRAN)'OA~nTIOm 0c YADl ASLES CAN RF
C ACCCM'L IS 917) E ITHE I4N1 SUIOfJTINE -USR AIR 1N SUOMOUFINF AAOUST".

C
C NOTE: 14OOSFIC') SU'1POJTIMF -EX-CW IS C4LL'') W!XIEC&". AND CALLS
C -QSULT2". -KMEAN" l4S '401 SEEM ALTSE.
C

C
------------------------- - - ----------

C CA.0 I TITLF
C CA')) P PARAMETER CARD
C C OLS I- S NC:NajmRCQ IIF T'TITSES (DA1A UN4ITS)
C COLS 14_13 N VNUMV 4 OF iVIABLIES
C COtS II NC.'NUM

0
E' a, CLUSTTRS

C COLS ._-,6NININUuT U4IT FOi TH4E DATA SET
C NIA.C~)RAE

CI NIN.'S. TAPE IR DISK FILE
C COLS 21-71 NTflUT-OUT--JT .J'IT -OR SAVIN3 CLUSTER NESRSHI' LISTS
C NTOUT-7. CAP) PUSICH
C "NUT.L.O.. 10 NIT SAVE~ %m!If7MSHID LISTS
C COLS 23-27 RINRCL-TFR'41JTI34 24ATAETER. CLUSTERIN5. FN3S W4FN A
C CYCLF THR')UrH THE 13ATA SFAT RFSJLTS IN 'NINREL"
C D a QE C HANSES 1 4 CLUS TER %W.MR'eSHI2s
C MtNRCL.L.). ITERATE To CO"LCE CONVERGENCE
C COLS 28-29 TPART-INITIA. PAR4TITION PADVAFTER
C IPAOT-1. SEE') POINTS ARC SELIECTE) FRI)" THE DATA JNITS.
C SEA) THP SCEUENCE W144ECIS FOR THE C140S1 DATA
C UITtS FORI4 CAU')ISl 3 IN 2014 FOR4AT. IF TilE
C DAT4 SET IS NOT STO'OFD IN CORS. THE -isr no
C S-FOJ-NC! NUASERS %JS7 BE IN ASCr-4lINO ORDER
C IPART.2. TH4E ')ATA JNITS ASS' eRouED IN?') AN INITIAL
C pAqRTTIN 1IN THE 143UT SEOUFNCC WITH T49
C FIRST "'MUI(I)" IN CLUSTER S. THE NEXT

C *NUIR'I0?1W IN CLUSTER 2 ETC. OPA') THP
C "NUM 3,. ARRAY FROM CARTISt N IN 2014 FORMAT.
C ISART-3. TMF SCOIE VECTIIS F35 THE SESO 'DINTS Ale

C ~RCA) FR3M CARD(S) 4 IN FORMAT -FTT WHIC'H IS
C 0'A) FRI% CAkR 3.

C COLS 30-31 MIET44(1.'ARAMTEP F311 CHIOSINIG THE ALGORITNM IN 04E
C ~ v'Rsj.1-4 0- SUjmOUTINE-K"gEAN-

C MFTWIDWI * JAMCEY A.GORIT4N
C MClTHOO.E.I. PORSY AT*GORITNM4* C

CWWA A")E3 AN A AF READ IN SU32JTINE 'V4AN'A ACCORIN'G TOJ TN'
C 0* CRO)EI3URE S,CCIS' ED 'TV TIE4 C 03rN VALVE OF "IPARQT". NAIVE THAT THE
COO* I1ASIC l-417,AN SMO' OF 'AACQUEEN SIOMPLY USES THE FIRST -NC- rOAT4

CAW.UNIS AS'LUTEPSERD OCIN4TS AND TMEREFn4C IG~nRES THE "I'ARTO
CO*O PARlATETER.
C-------------------------- - ---------------- - ----------- -

C %TCRAGO! ALLOCATIONS IN THC -K"A ARR4Y
C XNII TO 11442-11 NC44V nr'S-TDA. S TAPE CqNTR ARRAY

C X(N2I TO V(41-I N PC MOP))R--STIPAGI' OF TH' NUMSS4 ARRAY
C X (s'4 TO %1145-I1 PICONV Winil'--5TniArF OFP THE TOTAL ARRAY
C %INS) TO %146-1) NV 014 ME1,4V OrT)S--STOAkGE OF THlT DATA ARRAY
C XING) TO X(IN71 ME MORIS--ST')RAVe OF THE LIST ARRAY IN4 "RESULTO
C
C TOE STORAGE OF THC "LIT" ARRAY AFTER THE -DATA- APPIAY NOW IftP'.ItS THAT
C -44X" MUST IIE THlE VALUE Of N.
C

Figure A.1: Forgy-Jancey Commnents
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MODELING OF SHADOWS IN RADAR CLUTTER

:CAI." 11 1111 CP'

C COL. I4* Ie.I -ren CLIJ. IFR'
C 11. S 1. " -A dIN_ dC V hI I-lot I HE DATA SET

c 14 _... Chl") '1" A 1IUii C1 NIUmF% T441' !I0l ISK, rjLC
C COLS 21-12 fTil'l #Vl#D hD-iT A 0-I SAVI iG CLUSTER M4FMRfRSHIP LISTS

C Ni~llil . 7. CAl' P r1~
C *11TIr0 Or) 're SAVI' Mv'M'l RSW~P LISTq

C COLS 23-27 mIdL.SMTIl P4AUA'rMl. cLuT~SEINC rwOS V.171 AVIfTM'G iAOT ~ rILSE RL
C~n F)N FMO CIGAMNrS IN CLUItER air.4ORHP

C MMrL Lr.0 . I TrwTf FIT aff'..,Tor CI)V;PIG:ZCE
C COLS 28-27 IPAIIT.14#ITA 'A0IfTInOI *4AqiTra
c IPAET . 1. Slfr I1EIIIjT% &OF %frcCTr% FOn- TMF TIATA JNITS.
C QFA') TtI S')'UFW.C 44174 FAIR TN,: C#w)'4 lbATS
C UNITS fnom1 CAaI)f.& Il 1 215 Fflp'IAT. I F THr
c 04,4 -VT is ,IsT SvnFpr 19N COWP. THE LIST OFU
C Sjr~j,: Ntj4"F QS MJST 4'~ IN ASCCNS)14Q fORS-ER
C IPARI-2. 1,44 fAT& UNITS 4OF o~'r IN?() AN INITIAL
C PARTTI'et*I 11 W UT 1rOUEtMNCC WITH THE
C FPS -ID~~I 114 f.LUSTI 1. THF MrIET
C ."U101)E1- IN CLUSfT-Q P FTC. READ IMF
C w0#u'4nww xiiIIAY Ffiwn Ct4ROISI 3 IPA P015 FOR1MAT.
C IpART.3. Tilt SCT1'1E Vrf.CTOVS FnQ THE %CEO SOTIS ARE
C AFA3 Frnfl' CA~fI(S) 4 IN FORMAT -FHT" WHICH IS
C "CA.) rpR'j CAP') It.
C COLS 30-Zi METlO-.-AIF1 FOR C HOOSIN TMlA ALGORITHM IN ONE
C Vl!&Sji4 0- SJIRnUTIWE "IC'CAN"
C MFTWIfO.I. JANCEY ALGORITHM
C U MO... 'Un-Y ALf.0RITN"I
C COL.S 32-39 NC*4AIV~w4E NU'IRI4 OF CLUSTERS FOR OUTLIER ROUTIN1S

C NMC'AW.NC. 004-T 10 O.ITLEFR PfOUTtNE
C CME.L.0. UV 4E AS IDCIAX C I.E. NO LIMIT ON CLUSTERS$

C COLS 60-43 GUTLYR'COEFFICIE4IT (nFIUFFAi I A-1 t 114CLJSIVES F3R THE
C 0OUTLSM R.I0TINE (NMMME IN F4.2 FORMAT)
C OUTLYU". .LX 'AM AOUNT OF OUTLYINS CLUSTERS
C OUTLVR-.a W) OUTLYING CLUSTERS ALLOWED.
C
C
Cost CAP39 3 AND40 APFPREAC 1*4 SlJ'IOUT IN! "EMEAN- ACCORDING Ti) TN!
Co:: 2lf0OR PCFI' yTSC0E VALUE 0F -IPART-. NOTE T4AT THE
C.,.o lAStC K-&k~fS 4 T"lCi OF (O16SEEM, SI'dA)T %UStS ITr FTRS1 -NC-)A
t* UITS AS C.LUSTER SEEll POINTS ANO0 THEQEFORE IGNORE$ THE "PA
Cost PARAmeTEM.

C STORAGF ALLOCATIONS IN0 THE -X- ARRAY
C MANI I TO MINT-It NC.1V WOIOS--STORAGE OF THE CEMYR ARRAY
C .MN 2 TO K( 43-I NC V0ITOS--STnR)AG! OF TN- NUMIR ARRAY
C Mxim To xtIS-t) -At wnOrOS--1nP,4d OF THE MEI'RR ARPAY
C MIIIsI TO XI -- 1 NCO14V WC93S--STORAGE Of THE TOTAL AROAY
C xtNS) Tox M,46-I NV 04Y , NCOIv wrR0WS--STORASE OF TNT DATA ARRAY
C XENA) TO XINT) 4E wORnS--STnnAOfE Of TlA LIST ARRAY IN "RESUJLT"

C TH4E STORAGE OF THE 'LIST' 4RRY AFTER THE 'DATA- ARRAY NOW IM2LIES THAT

."MAX- MUST BE TIOE VALUE Of "147".

Co NOTCS
CO SI4CE NC CAN fRE 14CCEAStO PY TH OW!DL I'M ROuTINE. THE
C: ALLOCATION"S IN TN! A49AYS AqP B3ASED ON MCMAI. NOT NC.0
CO THIS CAN INCREASE STORASEf P-OIJR1E44ENTS F&STER THAN rXPECTEO. 0
Co0

*Figure A.2: outlier Comments

86



MODELING OF SH~ADOWS IN RADAR CLUTTER

FORTRAN IV f. LEVEL 21 EREC DATE *793611 09/54V10

coot C SUSROUTINE EEcc~X.LIMITl

C THIS SURl~f)UTINO READS~ *ARAMFTVPAS. COMPUTES STORAGE AND CALL'S MAJOR
C PROGRAM S~FlG4PNTS 4PF-lE0 POP A NE2N-lIFRARC"IAL CLtJsretisDN jos USING
C CNE OF THE METHODS 'ROGRANI4" AS A VERSION OF SUBROUTINE -K'4EAM"
C
C MOW COMWNTS AND1 A FULL EPLANATION CAN 0-- FOUND IN FILE 00O.FC0%NEMT.
C OR 8IV OS17A'4NG THE W'!ORT TI4AT WAS A SOURCE OF THIS PROGRAI.

0002 OIMPMSIO4 X(II.TITLEI201
0003 PEAq 45.10001 TITLE
0004 QCA0 (5.11001 E'yN.TN4OT.IRLIATMTO
0005 wAITE 46.20001 TITLE
060 WRITE 46.21331 N!.4V.NC.NTIN.N4TOUT.M4TIRL.1PAUtF.NETNGO
0007 N1.1
0006 4 2WNI*NCONV
0000 N43 .42 *PIC
0010 NA-43#HE
0011 NS.NANC*NV

C N6 MAY (A-40 WILL) et INCREASED I" *KMEAM.
0012 ;6*M45*MV-1
0013 147?NANE-I
0014 MAX.NG
0015 WRITE (6.2P001 M&X.LINIT
*,)* IF (4AE *GT. LIMIT) STOP
0017 CALL KMFANIXINI ).X(N21.X1N3).X(NAI.XINdSl.NS.NE.MV.NC.NTN.IINREL.

0068 CALL RFSIJLT((NI.KINZ3,E~h3I.X(N4).TITLE.NE.N.C.TIJT.
xf544).XINSII

0019 RETURN
0020 1000 FORM4ATt23AA)
0021 1100 POONATIRtISI
0022 2030 FC04ATII-4I.?0AI
0022 2100 UIORMAT(0QNF M*I... V MAS C MS. t'NI -'16.

* TOJT -. 5/*MJL*I. IOART -*I./*METHOD --. 141
0024 220.1.. t3ftUIT STORAGE *..'WORIOS'.1.

02 * ND OALLOTTEO STORAGE *.6 WORDS-)

Figure A.3: Subroutine EXEC
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MODELING OF SHIADOW;S III RADAR CLUTTER

FORTRAN IV G LEVEL 21 MAIN DATE 796 0=26

C ALTERED SJn't(JTIN-! EtC--CALLS KNEA4. ASLILT2 794 02a
* I ~~0001 SUFlqOUTIN' KC2XLIar

C TOWT ANDU~ , ,XE2,,XLt
C N~ SUI~j REA S P'AAa4UnS STQASE N CALL'SMAO

C PRL'GRA" SGI IN S 4EtDT) F0~4 A WIN-HIFRAPCNIAL CLUSTE.4IN41 Jfnj USING
C ONC OF Te~ METHODS PRURfA'4ASO AS A VERSION 3F SUOR3UTI'4E -K'4EALN
C
C lMO~f COMMNTS A4J0 A FU... EX2LAN4TIIN4 C&'4 R! FOI)0 14 FILE -'3D.FCONMET.
C OttR P RA14 ING THE PCDOT fHAT OAS A S3J0CS Of THIS RODS44.
C ---CI4AN'.FS "A)?f T3 -Nh. -4?-. SunlVOUTI4F !NSJLT- IS --IULI2-.
C --- CHANGED I*MfU 'ORNATS 411CUNTNTE3 14 AOSCDS! FILI 'FC04NNIT-)
C

0002 D11'NSfOV XCIP.TIVIT12O)
0003 REA') 45.1000) TITLE
004 READ (S.11021 NE.U4V.NC.NTIN.NTOUT.MgINAEL.EPORT.NE1TTNO
0005 WRITE 16.2007) TITLE
0006 WRITE 46.2103) W.NV.NC.N4TEN.NTOUT.UOINAEL. 1@ART.MQETNOO3

000 N2:Nt4NC*NV
0009 N3 2 +NC

0011 NO4. NCONV
C 6 S ET THE SAVE AS IN ORIGINAL PROGRAM. ALSO '47- CHANSED. TOO

0012 C -46.N!SANV 04E
013 N7*N6*4EI
0014 "A X.601 wRITE 60P2001 MAX.LIWIT

0014 IF V4AX .6T. LI MITI %TO'
00317 CALL KEAdNK(NII.XIN2.XIN3I.XNI.XCNS.S.NE.NV.MC.NTIH.NINREL.

01 CALL R U-T2(v '1. x NZ3.KIN3) X(N4l.WtTLE.NE.NV.NC.NTOJT.
* XINA4I.X(NSII

0039 RETURN
00p 1000 FOR344ATI234A
0021 11 00 FORMATII.21S.2M2IS.212)

022 7000 FOSIMAT4I.21AS1
0023 2100 FORm4T(-ONE M V M.t#~ C .'lA.. 'IN

* ~ ~ ~ ~ ; *NOY .I.'9IRL .I.. IPART *S.% MET430 --. IA)
0024~~~ 220 'OJNT*ROIE pmlQG I~3R =w"%lf)S*./.

0 *)ALLOTTE3 ST3RAGE =.8*WOR3S*I
0025 END

Figure A.4I: Subroutine EXEC2
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MODELING OF SHADOWS IN RADAR CLUTTER

FORMUAN IV 4 LFVPL 21 44AI11 RA~ K 7936 ISaf
C ALYIor iI*..IHjiNp rfvE'i;CA9,LS EMFAN?. PSJPA2

*Dot -;UaM'(hUI1NC rAIC39 . L OfI

C THIS qt1 u.,eJIruu IfAfK PAf.AArICV.. Cnw*UT97S %TOUACF ANIS CALLfS 144.J114
C PAO4AM %f?4NlS Nf'sP rr. ("t 4tU.E,1A t~.ralf O SNC OME OF TOW~ ULJl)Pel.A-0 ~AVJ$ou F JSOTU KNAEAN2al
C
C MW'P COmml411% ANO A FULL rit'LA..rI91% CAN 'Or FOUND IN PILr noS.PCCumNTo
C ow. lv ErIIAINIIIG INC PIl'flt th#AT wan A. itwr OF THIS~ pfoCAI.
C ::CbA4S',#. NAllfT 1#1 . "41-. %UIt4flJI~ 'UVSOLV 8% *frJL".
C -CHVGFII iPUf PWEaI 61' )INNC IN RSCOE OIL' .,Co14"...rinI

C IMP-1T SPIPS1CATION'
C CAPD) I TITL.E
cCAM)l 2 PAAAMEP CAR%

c COLS 1- -4 NV*.PnFW "Or IP04TIIS tOAVA PNIS
C COLS 9:-31 NV:%U'#l0CR OF VAQIAOLES
C CIL S a 101 kc NUNWP tiF CLUSTPral
C CqLS 19-29 NTtN-IN"%# UNIT F-10 THE 414 SET
C 6eT IN.. Chaio &FAER
c C TIP.i-. 1 44C OR DISC FILI!
C COLS 29-Ptfl NWlV'OUT U141T FOR SAVING CLUSTER MENSESSNIP LIMT
C NHOMO.?. CAIN) PUNeCH
C WIOUT.L'F.O. "r NOT SAVE lP!#MNSlNI0 LISTS
c c*Ls *3-ST qseRU.=TtNN14A&Tlt*a PAPA4.0IPS. C SlRkI NGS UMEN4 a
c CYCLE fNROJGhI TNIf #sTA SET RESULTS Ild *uaumELO
C 00 FEWE~R CNAN420S 1IN CLUSTER MESEOSHIPS
C NIMREL.LC.§. ITERAtE TO COU'PS STE CONVERGENCE
C COL S 20-22 IwAT.INRITIAL PARTMtON PARAM7!E
C EPpTI. SEP.) PCtNTS ARE %fLPCTEfW FQROS THE 0ATA UNITS.
c PEA) TM" SEOU.INCF NUftERS POrN TeE CHOSEN 0A74
cjo ItSOPOPM A"OfS so2 IN "014 FOWMAT. or THE

*..e.....0II EY0---I COMNEN'TS OELVTI) *0*@S**0 S*'***h5@*SS@*O*@eoS
@002 CMNIl)I~IL(0

0003 READ S.10801 TITLE
@00 OFAD IS.11030 "E. NV.HC NT IN *HTOUT .8MIL EL1PART 41NOO.NCSAE.

000-3 ~ WRITE 16.200t11IL

0006 WRITE 10.28001 W. .hVNC fT IN.NOUT *I M 104 ToR? WE9TNOD.00CIAll
*OUTLYR

00? IF INC'445C *LE. 01 NClIAleUNE10009 N2vNI+NC4AXN"V
00t0 N3.NQ*NCA%
@011 KNON3*kE 4C N

C NO IS NOT THlE SAME AS IN ORIGINAL PROGRAll. ALSO 11070 CHA06ES. TOO
0013 "62NSONV*NE

0014 flASS6NE
00 WRITE 46.22,501 MAM.LtNIT

0017 Ip INAN G0?. LINITI CALL SVC(ISI

FORTRAN IV G LEVEL 2t NXEC3 DATE *79365 IOJII/129

* IPART .e"TIIOI) LINIT07CAX.UITLYRIData CALL P&ULT2(K4NI3 .K(M14 b~l.KI6oITITLE*.NE..C.NWUT9
* (NOI.XcmslI

0020R P amR
@02 to 000 FORIUATIOAOI
0022 1100FOATI21.1.S22I,.3
@023 2000 FOP,4AT(I1-1.23A4AI
0024 2300 rOP44TI0NRE *s9.eNV W.S. C WO.I0.I NTINt Wo*.#*.

0 NTOJTIS~. NINR'L 00.IA*#eo 10431*'I.#. ETIO 8*1Ie
* 10 KCUA U4X *. OUTLYR N *2

o025 2200 FO"WTTI*SEOUINPD STORAGE **.go* WOOOSO as
* *SALLOTI') STORAGE 6.0.*4 VORS4

0026 END

Figure A.5: Subroutine EXEC3
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'MODELING OF SHADOWS IN RADAR CLUTTER

FORTRUAb IV 4 LRVtI. PI 09OFa" OATS' 194 US0

Goes saeuivit v'rA~l; N 4tfu 1 SI'4 TP, 1171411. flt A. DATA 910NE .V#IC Mf IN,
* MINI.NL.IPAPT.Of Itn* I

C

------------------------- --- --

c vUsna'dvvapFv cts-.r AAvivs INTO -"C- cLuseM

C SNE IC A.GnfPIIHi OFp IEETfo .Nq so

FPG?. *P.M.. CLU$.TfW4ALV-.1IS rw '4.IVAhI14T! DATA. ICINC
0*SU Of~ I IcAI'P.*A'r h ri4.TF") AT tIE

-,U~jrj wA61 W'f~fG%.PIVWIW. ALIORNA.JUNE
C 36.ANSI ACI IN S UUCIBICS. VOLUM4E Pt. NU-44FN 3. P 760.
c
C ant INC ALGME TNeS Or tolf?NGI a lb
C

C JA'IOC e: RC.OAOU ~ ?II~t0aLG' ANALVIS. AUSTRALIA4 JOURNAL
C OW 00!1411f VO-ill1. NUAKIPU I* APRIL 1966. PP 421-930.
c
C CEIIVfnM4b~fR NI.lIP I-TM VAO!A%'i E'OR J-T" CLUSTER CEIITMOSO

C OALf4NVfIJ-1 101 #a TOAL SCOJE 0.4 $-V. YARIAILS' Onli DATA U-4ITS lIs"$

C W-0-Efct#CLJS?0ftff Inwoit" K-1o4 *AT& uSiT CUSIrrTLOI1L04GSI'
C OAT*I"v94K-I1*ISCf10 OIN IT VAOIARLE P110 X-744 IATA UNIT

0003 DATA %AWI! F9.l*00?.' JA9 'NCEYV.
6000 letEI.00 Ai.A'PI

CCECP0.4 ?.PSICNTA STOAG
00? M6.Ni.NS',NV-I 4Lt"

C FSIAALIS 1NITIAL OAET~fION

C S' PINTAP PEn IVCLYFR1 CARDS
0011MA* (S30001, ;"W12oWtT14 *mrqo~a PM

0013 WRIVE46923001
0044 J100

1!5 00.31 J;I.N4C

W01 60 TO 30
C IPARV-1 OR 2

0020 t0 WRITEI02SI&I SMART
0023 REA114S.11001 IMIJ!RJ10J*I.NC1

Figure A.6 (Part 1): Subroutine KMEAN
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MODELING OF SHADOUS IN RADAR CLUTTER

FORTRAN IV e LEVEL. 8S KNEAN OATE 790 95

Raft v a OAT&SI sty PO CametU.031

:04 00 *O I3.3.me
@0*5 CALL USER COATAIEIII

000 40 1 KI.a3NV
02 IF 11040T .10. 31 GO TO 000

C IF -1 60T- 1S I OWE I QPT U Ns 160WE POINTS
06&$ UP, I PART .CO. 30 6010O50

C 1"D6RT1. T Z 446 UNIT WITH SEIVIANgE NOUWR 21NUISEj~isI UrS 4S
C Ew i-lw Sr!D POINT

00*0 0On SO J.I N

003* 00 So 9-1.04V
0:23 CFNTftjI&1 .OATAtH.D4I
0034 so CI'NTIWN
@039 4010 too

C Isaev;,Z. TIC I4TA UIoTS ARE 4011UPCO IN4TO CLUSTP*4 WITH THE J-T"
C CLUSTEI HAYING HJiNsoRilm"C140114110

0036 be ,so

C ACCUMULATE THR! TOTAL Scoal ON EACH V4014111. Pon EACH CLUSTER
030 N0 @0 U .N

004 0 on J I Y
02 70 TOT LIJI30.

0043 00 EJ~NJ

0065 UwwSIKINJ

0047 300406-11", *NV

0049 t1ALIJAI *TOTAL 1JV1#44TAIKS.1I)
0050 so C,'t"ts1mr

C 5000ffIF THE CV4?S8 105
Cit'0 u N

*043 00 0 .1.NY

0 5 ~cf, 11IS *TO.1TAL IJ)41UNOIJS
0:%,16 90 CO I SUi
0"? all To I Is

C I01111aLIXE ARRAYS
I00 It') 'M 510 K's, w

@a0 its *04%,A 1
C "UWO1IWNIW cp 141,1 LOOP

@061 M20 . 0
00'.? p "4 1.10 JessHC
0063 UONJ*
@064 51 3 .1.k1
00fi5 JI&JIOS

Figure A.6 (Part 2): Subroutine KNEAN
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FOOT44M IV 0 LUVFL &I %MCA" DATE 794115 00.44W30

1 0A 161.111a0

C ALLn1AVE LAIN 0414 UN@If 10 1.46 Nrinii C&.USIC CZ011POIO
e5'. 006 #A,

C, COUWJTO' DI6VA1WP To FlIS CLSIMFIR CFWTIftas
W 73 tUCP .", .IAT4AA'8.CF4MI J&Il

6 jorrei
C TEST1STICICS TO0 RINAINiM4, CLSTER CfMTUO1OS

eeys Do 14e Jus.#e

"TO IF IDIE'lI .0. pee'i 40 to i40
0044, 0*jorre I
000 846 CONfIImI

C AS4'ICAI' 0416 P417 -K- Tn CLUSIFW "W

0063 ss.0Uif
0044 IF fjacI 04~. MV1eWBI1lI 40 to ISO

C Ime 0414 Is411 CNAMaps M1 OMFUU0INI
0065 "uVewWwaVEI1

0047 IO J1 ofjNEF- aI *M

0089 Jismi.1
0090 R1091#1
0041m TOTAL IJ II *TOT LIJI I OAIAEI i1

* C ALL 0414 UNTS 4LLOCA1!'1. TEST FOR COMV9QNSSNCX
0993 UIT11C.Pli9 SIPPE'SoPOSi.1111ST
00416 NASS0PASS*t
s090 jarps
0996 IF fOVCS .ST. 0NMILI Sit TOm10
05,? IF 1 9111930 *643* 1 0*AN. pores 060. 01 RETURN

C COMPUTE TRUE CLUSTER CENTROIDS-FORGV UPDATE
00 160 Jose
else to 141 6190
also 00 In* 10.01wV

0103 Soo5 C9Ndiu0174 sINTL iJU fWWUN4is
0104 iF Jor F .0.r fr*I 111U01
eos 40 o In a

035, SOS IF 148,91"29 .006. 1) 00To ITO
C JAIICEW UPG&TC

also 0 ee ise N
also D 00 ?=tow5f

FORTRAN IV 6 LEVEL Ill 6604W 0616 u 1935 00015"30

sils GO TO 23
0113 ISI15 FCUMStripSA4I
0ilS 1300 FORN1ATI20i41
eggs 2000 FORMATI 1010.24.0

* MEInO) OF CLUSTER AN4ALYSIS. 0ATA SE1 STORED iff COOK4)

* *OLOIIE2 STORAGE moo35. OROS*$
011220P6NTOPQA'.07
oils 2300 WORV11N615TIAL CLUSTCQ CETERS6 READ IN AS FOLLOW**Pj#A
3219 pofo0 rftM4T1IB.ti0R2o4
eal 2900 FOR-44TO1 SlANT 0**il.0. tdU%6Q ARRAY READ AS FOLOWS*~$i'

sil 20 FCIUA41Ii.160I?
0120 2100 106aMMO140.11.')~AT& UIiTS MOVED ON w e4 IT ONT5' MSE0149tS.I

* SUMIt DEVIATIONS AGOWT STSO0 'INIS 809.Esal2
*Its 0 No

Figure A.6 (Part 3): Subroutine KINEAN
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rWmflA00 IV 4 sLrVuLt. Xforti..8 Dart: a *eism 40sei

C
c tFooptovo.-o po.t cw. no flN t11 -In vhSav ramr os-.voo ca~onwmi c I"w
C 11fl161.4"*I V-1101 1014IAL %Cq16*- CPS I-TiI VA 64919ro fWT4Y.U4iii 1010
C P40h a4.11OF&VCO in Igor .DIM1 UV5

C nos~i(sj1JI)US~.ia 4-1 et ,a441ia pane 0uU4L n'ita wi
0008~ ~ ')vIMENS1v-as.IIIluet mi-lAs vmla *.w M410 -4111. 1*asa vasHWV

C AC4

*Got IF 4. n' G 1 8

C CSTIM.)S" 11u1114. 6aeit1o
9007? of I lpisp? .t. 3)6' Go To6

C $C* MNS~ a00F Pc2 OIeCC1CL1 PROR CAN"*
s0me sa" 51501'~
best Imtj.pO X of T
S020 NO is 6 .30,
Ms1 Jose'

00F Ants PH;OOl"e Ju1 M.5eC*0
16 :1111 111%. 4 CIEstIJI $slalom

eels. 10 Is J100tV
sfe 64 10 30

C 2~1PAT1am v
007 to 11411C46.2001) 10"441

Sees 30 K ISO
0001 5)0 Go Kai Dow1
eels CALL USE* fohAA(KI)
$0183 40 tI§uaI#sW
0044o 1aPA sam 9*4. 31 Go To see

C IF 40u1AR5 Is I aft 4,SE! Us o E11 014100MN
008IV 1PA *1a. 10. JPI00 1') 60C tooamiT. 4 NI WIT. OSSUINCII WUSSIR u-lswilJ)" IS UIS AS

C Inf J_4 11011 0

06*7 loj.I NwSiJ I4-IS 55ff1
*@to Jla6J- loNw

0031 so CONYI ON
0038 $0TC goo

C IwAQat. T49 1' VItA usTS ARM last0 INTO. CLUTE S 1WTO J-rs
C CLUSTLU slAVIN W.% 53 a 0

4433 as Its*

Figure A.7 (Part 1): Subroutine KHEAN2.
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pMvg"q IV 4 LEMS It rn.. ATU a 1900 501010

001 Ac4rhzpKTmAs scose: a" MCM WASIARLE FOR Iwo, CLU6Tal

00*?0 00 M.0TMI

006444 gu. 910V

006? so sOMITIN
C TilPt PIC W e"RijiUO

0011 CPIOTRJI TOTALIJI 1/00141014JI
60S4Go o ca its

C INITIEALIZE 411tATS
0511 1S 03 a IS u #I'm""

C P11410610110 00 "At: LOSM
5015 Ito JIoe~
Goo9 O 30 J.I.4 UA

C ALLOCATE FAM0 0414 UNIT TO Ve1411EARST CLUSTER CIIIIIROSS1
006 i MIs*

006 Ji,Cco CI.UTvo ottlrdcI: TO vt1'iT C1.'ISTIFR CEIR01oiS
ftarrmoo spi.M44tuiic.,.tol jest

961,1 jarral
C TOST 01%T&WVPS TO OW04INIOU CLUSTER CI8TROIOS

: s211 T 14i 'hT1pi Oct IOlroEtp t Jt I In

Figure A.7 (Part 2): Subroutine KMEAN2
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rtMVe9mA. WV 6 LaVIS. 01 SA a6(06 7I 93616.90

C ?V11 T00 OWhfLI0 "'t ANMf ALL66'AVC tWW CLJjlT,%IV - ALLOW.
0062t 1, 4. 161. IA.'fAV)S IS .F6. Awfl36te,6Iftvus

.&.0, INC4 At. K-wllijS 40 To 941
C .wro* MW_ cui&Sf#r

bt 14S LAWN0

C ALLII AhiF 0016 WUlTa: .w.TOCLUIWUi OJREFa

so,,r los,u wotsitAmlu
00,o 32 3JUP *w1fO.,4.fl666~WIm 1

M1,2 44F"Qf9K.J~rP
009s ISO J6WIJUEP-1604V
0090 0 O 1 .NVm
0091 J6 *

00o0 160 UNT I m

CALL PF NT LO4&*T% O d~WC

1Ie CINYIMJ

I VE T P 2 wOaE.4e 14! t o .

062 60 NE6 to c 1 40. MVS 4 49U

@86 600 CRa* 2OIO)

*oYA an 08 LEE 2 66062Bt u236 Wiee

:11.U fNU A'IJLVSIS'EOATA 4t t0610 SO

06210 0 Qt 1 -F446I30 0 Jl lo0an0 w'I S. O 0 '
011 tooL~tF ITOOOCf461. uOS'

0ils 2 o000 09ot11.117

0130 ~~ TE00 F0W4AtI6431.' HE010 TOO--V- 04 1616141J6f'.3I
Otte SUM4E C4Qjl.OEVAaLOGUT 16(0 PJ-CCROI~tSs60203'Ca.

0122 IM1 C"v

FigureN AI7 (Pr 3):E Surutn DI .EA9N
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MODELING OF SHADOWS INl RADAR CLUTTER

FORTRAN IV 4 LrVCL 81Of SALI DATE 0 79164 10pi0

4 7". .Pwauv eor mvPM low IN. WsaLin rarM A CLUSILII I#4 JO4 DASEO
C od ANYv VtS'%IO -OF U.jH*amjlia I.e.:"sA-..

C AS A CtNTISWi4CV '009CNSTION untlE OUf TNE RAW MICIq!INSWOI List.
*003 fet *IgrrI 61oi1 WIlLO
0000 UP110gA.YSSOI for'notiffoogtalw1
0oes we.Iyrof.2pol 110)w*9tqJI.Jau.NCl

C lamI AT IN' *NWM3- &*PAY All OUT IN' OWSULT IN THE -LIST- A**AV.
c reu.? *rVI F1W . "IJ0fh &:tOAVTo1 CONTAIN START POINTS lid THE
C %'.1 AIIEAW PEn. ICE CLUSICSQ

0047? JJS'IC
0000 JJsaJJ-l
0000 Do 69 ja2.C
0015 041Aajdl

0013 so CONIMW
C GUILD -LIST- A**"y

005 00 p0 Koo OW
G*1S UFUaUMeqWA(KI

@01L LISlE WJlmA

c sAvc Too. swrbr mg~memwu LIST IF DESIRE*
0070 IF INIOUT .0 . 05 @0 10 30
0081 vCIII INVOUT.340') TLW
0028 WRITE 1WN1ftJT110*1I LSSjI.Kul.NCS

C Re510CC iNq mulan, A4%41.
0023 30 JJuN4C
0024 00 40 Jax.Ntc
0070 JJJ
oozy 40 CONTINUE

C PeaNT q .SUL S Fee 9404 CL~USTER
0030 Otis&
0031 00 S0 JU .N4C
0038 vmITqEO.?30Gl J.NUJNJ)
0033 iI ofJ-1 WNV
00:4 W011716.00631 (C0%Te~Jl#1Iins owlV
0031 Kv.x10ftUlISSI-l
001 UnITE(A.T16OO CL(SffKI.KCKI.Ntl
0031 KIMM8#1
0030 t 1 CONTINUE

C NS 011575 OUT 'TOTAL* ASSAY

FORTRAN IV 4 LEVEL 22 RSU~LT DATE *793"5 10,29/es

0061 0000 fOn*ATI*@-TOTALS *0 CLUSTER9I131
@64a .SITC46.4100)iTOTALIS-ll.JUI.NI
0003 400 f-OmRAT(IXqEI0.Sl
00646 60 COhIIIWS
0011 OF TURN
0060 00 1OA~~,00
0041 a 10 FCPOI a RAW IIEALESSHSS LI STO .#*.f S.2018S5I
0000 2230 U'OOMATI'OCLUSTER SIZS.t#.l.PSISIS
eeoC 2310 PORMAIII1CLUT'.5113.' CONTAINS0,I11. DATA UVITS61

0090 200 VOPOTEI0CWTft2I1 Coom-3IF AP'I.l.0620)
00%1 Ise f 4 349ATI 94ESHIS LIST 'SdlR.SM091
001* 100: 1FO:.0TI83A0)
GOSS 3 t00 1 A MISS
0096 END

Figure A.8: Subroutine RESULT
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MODELING OF SHADOWIS IN RADAR CLUTTER

44 IV 6v LAVPL It 411A.9TS1 * yes"5 IW21" 3

C TI.;' Wtkftuti1r *151411 IMFSf ri'A I% FROMN A CLIDSTEIIN 01,1 NASie

C ON0 &few wCe. #IO4 IF silmeWTDVI EWAN.f

*C10H116 CIflt1,04011 4CN4II*ISC1911140 1 4I *

CAs A. CONtIWi.?H~V ~CAUT ION 110ITI! MWE 104 0AW OMUIES"S LIST*

C INvIPI i. -%8rf0 g mga. A9Ei PO THE1260. Ift ULI ISTO A4QaY.
C FIW.T UCVI~ IV 1f#iv1e AcUAV TO COrNTIN START POINTS 10 THE
C 4.1%14 ANUAV FOv I'Aew CLUSRR

501 JJomc

0009 00 to Jot.IW

JJuJJI
WUl JJIvjJ-I
0013 to c GMTI WEJ

C WUILD *LIST- A&"AV
04104 Iao RINI Wi.

sellNR3KWMaW

5519 to cOMTIiHjr
C SAVF TMK SalTED ORIRS-g410 LIST IF 06110

ease IF s'NOUr .s~is "A To 30
0021 ~ il %011! COUP,*31 TITLE

*0e11 vWITF 4%T41JT.Si0li ILtSTIKI.5U5NI991

seas as CALLE
W511 DO as ja .

C .gmwT "SULTS FOR SRCH CLL4TIM

0031 eeg 10001 TITETRJ*5.mN

003Sis of D J TOAL lRRA
003 7 si~ M
0026 5055 462S9 FOfat-ILS IATCeS@.i

FOTRN V LEVEL OAII 41SE.5O DTE 93.IWWI

001 :la 0UW .M
Gott isi PWTI,4681 as
0043 2000FR41*AL PO O CLF1USIT S ftS* e135.IS

0048 260 FO00U4A14 1 PAA6
@5,5 810s v04 104W a410tsLIT aelfoSlI
Gse *POEa"M 16S UT1

00111 Fi0gueA9:U1C~I* SubouItin:e: A SU26

eat 40 OR1,11 aefral ,,ogM% ass fi 1011171

DossPo* omm i*3443IM-61 LISO.P.1%*111111

:t 64



MODELING OF SHADOWS INI RADAR CLUTTER

PeOiU*N IV 6 LVVI III"I MmtU Sa Toles tg
C THIS IS THEe IIS PNleAftem PIMIWEOSgOCUWwATIO. I"e ROSCOE PILE -PCOe
C

ROOM, LI41194000
0443 C ,LL EMWZEE.LS WITb

egNo pk PILE It

FORTRAN IV 0 LEVEL 99 SIST @ATg 19S 111

till MC 5, 3.5.5 1 .71t

pegINAw IV 6 LEVEL *1 41911 DATE U73611 U1"W61

PeNmOA1 IV 6 LEVEL 2S 4SPUSIT DATE V0?36S ItS,'10g

g004 tg PoRATIN'.eF1 ?.I*$

Figure A.10: MAIN; USER; USEROUT; Function DIST
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C Daiwaou.$ PU.dc. OC. too I 0*Fc.~v.e..

"Do1 c OI'Cwsio. xlkas*311
0*8 ~ Ll"IT;t00*
0003 CALL aE.3IlLMI
00.14 &Nol pILE 4
0e45 *gP. .

FORTRANG IVO4 LEVEL 01 0181" DATE 0111 8190

0001 PUICIION 31Tlt.wo
Do a *)Ilo13ld iI3&I

aIs1At.CE Is EucLI 34 t-W
0033 aST; 0.3'.000 4O I-) a -
000 :s to ~ 0S~~iIygps

rz~qv4a4. IVO 4. LLE 1 Dt? ATE 4160110 004"10
3111 F%#INCT~f' DIsTIK.3I

c; 0lIbaNSIC'J AlII.ytil
C 11-1 . DOE.ANE rI- T304 LY USES Tle T1.101 VAftIAWA--rITENSgtv

0.71 vtsrA-duIX431-(311

0325. c ND

Figure A.11: MAIN; Two Versions of DIST
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P0UTRA% IV 6 LEMC to 01%V DATE 79?36s "3093/

SPROfTAYER(I.V.L.SIC0A)

@008 10 YFL-IY

Figure A.12: Subroutine RAY
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MODELING OF SHADOWS IN RADAR CLUTTER

FORTMA4 IV G LEVFL 1 MAIN DAT 79361 W~51e1

410 DIEN4SION' VALUICIO.200)

003 SIGiA2-l000.
000* 13e1234SS6740

0005O 1@*30 1-1.100

3007 '1!0 -SGA00I*8 30 ALUFCIVJI.YPL
6601: on I a.m.Iq
0030 no I J1.l100
001I CALLt0Y3.I.LSI"2
012 1 V ALU I.IVLURI I JI9YL
03 DO T 1-22.30

004000 2 J-2.39
03 CAl AAY(1IX.IV.VPL*St4MA2)

00136 a VALUffI3.J).VALULF(I.J)+VPL

OO0 3 J-MI0
061: CALL RAVI 3K.lV.YPrL*SIG421

002 ALUEI.J1;.VALUE4 I.JI4WLt

000 DO Ju. 0
0027 ( ALL PAVfI IK.YL*SIG"A2)
00216 A. VALUT(tJ)-VALUE4 3.J)*YPL
00ps 00 S t.60.40
003 00 S J.0t.I0
0023 CALL A14 1.11.11..11105420
0012 6 YALUEI.'J)VALUEII.J)*WPL

0034 0 7O J92.10
001 CALL RAVItX. IY,.YPL.St6IM21
0036 6 VALUEI3.J1IVALJEfI.JI+VFL

0037 00 300 1-1.100
0036 00 300 J'*'*a
0040 S0o FORMATI214.F17.1 01

0043rw FN ILE I
0042 WR31E6.1000) BY
043 1000 FOR IfSX.111)

0044 ENDO

Figure A.13: Creates Rayleigh Data, SIGMA:i11OO.
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OT0~4 IV G LEVEL at "him 0ATe T 93611 1 U63ftI

0001 blM"wW3tfl'8 VALUM00O.1001

0033 SIG"A2.50..

0005 *a 100 1-1.100
000 00 101 J. I. 0

MY0 CALL AVI I .VoWL.S3GN411
00es too VA%.UIII.J)-VPL
0009 00 1 1:11:190

61)11 CALL RAVI IX.tY.VFL*Sl6MAZ)1
0012 I VALUCI Vl.ALWEEI.JI*VFL

0013 00 ! 1Jl3,o
6014 Do a J-1.39

0015 CALL PRAVII.VFL*SIGMA2)
0014 2 V ALUE4l.J)V4AWE(IJ)*YPL
051? 0 2 00-*3
0016 00 3 JS~O

0019 CAL AYI .. L.SIGWA42)
0010 3 VALUEI.JP-YALUEfI.J1*YPL

00100: 1:31.59
3022 00 A .. 0
0023 CALL RAVI IX.IY*VFL.SIG"1kf1
0024 A YAL'JfII.JI.VALJWII.J)*VPL
G0ts 00 1 .)06
074 D0 z .S90
002? CALL AAV(IX.K.VFL*SIG4M2I

002 oz VASI I.JVALUECI.J)4VPL

0020 0004 J091.100
01 CALL RAV(II.tV.WPL.S1GMAZI

0032 4 VALU9I.J1-VALJEII.J)&VFL
00W 00 7 1*81.100

@034 00 7 J-l.tOO0
0035 CALL PAAVIX.tVPL.SIGPMA2I
034 7 VALUMIlJ)VALUF4I.J)4VPL
00? 00 300 11.1
0036 00 700 J-2.110
0030 300 WUITEI3.5O00 I*J.VALUU(E.*Jl
0040 500 POR00'a 1t2I.l? .131
00.1 ENO WM~ ,
0042 w WIIE46.10001 IT

0044 END

Figure A.14: Creates Rayleigh Data, SIGfMA:50.
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FOO?.44 IV 6 LEVEL at OLO? 0411 a19301 00 tos I

LS.034 00 q .001

*Do:030 SIt. C4ioI:-0L*.t.J.t,.e~7S@@eSSe9*@S

0004 041 ROO1/*.'IO

000 ta 1, tvi 69999
0009 SA-) IS.P0.8.2*IS)ECUI4T

0010 20 A RAM 3P
0011 0 31INU-.610IKOUN4
001* SPA.) I.O!W. 4 TAI.14T*2

@03 40 POPS rt.l
0014 INTI.INI~OATaIS
0011 3Tpit4?t54TA2I
001: 8020I INI.INV2)SJCqAeS(1S
set? 30 c ONT I NIJP
0028 to CCdfTliUw

@019 to VIIIT946:53
0010 SS '.54*1 . .T4 00 4 0E OF 0414 Sw Off W1611 *I.01
Goal IS .0O 103 IIE0

0022 to lOS tt11.0010 ,J) ,J*I*.CULI
0023 203 1014I41.1201914
0024 SO
081 END

Figure A.15: Cluster Plot Program
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FORTRA4I IV 6 LEVEL 11 4 dIN DAE 0382*OlS6

C 6441 SC4LE AR304MO...
"001 I6ALe. I * It0302 11AL g I',,a)r.4iHS
00.33 a Dct.C,* "Z4" "1.

0
I IN is,

C 01AO40 1.4 TH %a SCAUE -14OS.
334 1.C'(* 1 SCALE~I .41.6
6001 5 FOUIA44AASI

C
C
C READ THE LinsCST V4LqJ FOR ECH GRAY LE1V!L*

0026 30 8 182.2
@0" 5EAD45.100) TI4IES014I
0006" 11.I ;I..31SAE tIoHEC1
*410 to CQ"Ti4.jJ
0311 %1- ME 46.1021 SCA-.!Z31.1 0WSW III

C 11EAI MAX 4)41Z. A-41 VE41. 44111 VAIJES6. (u 11141 <- 2161)
all& .,,I (2.1301 M&4KV.I4A4AW

0014 .0 20 1-.1444AV
0310 00 30 J. mAXM
2216 rdEAO 116300) Aws,461J)
@91 1 4GA.

0at* IF IXLINWIJ *Lt. ?4aES.6II 4 TO 43
9020 GRAVUME
3321 40 (cNYobJ
04122 0&1II)SCALE(GRAYI
0023 30 LjT NI WE

06 20 C4T I WE
*0026 ST0'

@327 133 P ON'44TIPS S. 71

We2 MO FC'AIATt* SYJOA.A.**(.FS.7b
0429 132 rtURIAII SI0**.S'*a*pSf
3 200 rCR%1I2I4

0112 3 FC844ATis *.1284110.133 300 FOW4AftEO.CI2.?I

* FIGURE A.16: Grey Scale Program
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